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1. Title of Invention 

CHEMICAJL MECHANTCAJL POUSHING SLURRY 
FOR METAL LAYERS AND FTLMS 

2. Detailed Description of Invention 

BACKGROUND OF THE TMVENTIOM 



L Field of the Invention . 

The present invention relates to a chemical mcchanicaJ polishing slurry for 
semiconductor integrated circuit manufacturing and, more particularly, to improved 
chemical mechanical polishing slurries for polishing metal layers and ihin-films used in 
semiconductor integrated circuit manufacturing. 



2. Background of the Related Art . 

A semiconductor wafer typically includes a substrate, such as a silicon or 
gallium arsenide wafer, on which a plurality of transistors have been formed. 
Transistors arc chemically and physically connected into a substrate by pancrning 
regions in the substrate and layers on the substrate. The transistors are interconnected 
through the use of well kuiown multilevel interconnects to form functional circuits. 
Typical multilevel interconnects arc comprised of stacked thin-films consisting of one or 
more of the following: titanium fT^), titanium nitrite n"iN). tantaJum (Ta), aluminum- 
copper (Al-Cu), aluminum silicon (Al-Si). copper (Cu). tungsten (W). and various 
combinations diereof. 



The traditional technique for forming interconnects has been improved by the 
disclosure of U. S. Pac£nt No. 4,789,648 lo Chow et al. relating to a method for 
producing coplanar multilevel metal/insulator films on a substrate. This technique. 
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which has gained wide interest and produces multilevel interconnects » utilizes chemical 
mechanical polishing (CMP) to planarizc ihc surface of the metal layers or thin-films 
during the various stages of device fabrication. In general, CMP involves the 
concurrent chemical and mcchanicaJ polishing of an overlying first layer to expose the 
surface of a non-planar second layer on which the first layer is formed. One such 
process is described in U. S. Patent No. 4.789,648 to Beyer ti al.. the specification of 
which are incorporated herein by reference. Briefly, Beyer et aJ. discloses a CMP 
process using a polishing pad and a slurry to remove a first layer at a faster rate than a 
second layer until the surface of the overlying material becomes coplarar with the upper 
surface of the initiaJly covered second layer. For a more detailed explanation of 
chemical mechanical polishing, please sec U. S. Patent Nos. 4,671.851. 4,910.155 and 
4,944,836, the specifications of which are incorporated herein by reference. 

Polishing slurry composition is an important factor in providing a 
manufacturabte chemical mechanical polishing process. Typitial polishing slurries 
available for CMP processes contain an abrasive such as silica or alumina in an acidic or 
basic solution. For example. U. S. Patent No, 4,789.648 to Beyer et al. discloses a 
slurry formulation using alumina abrasives in conjunction with sulfuric, nitric, acetic 
acids and deionized water. Similarly. U. S. Patent No. 5,209,816 to Yu et al. discloses 
a slurry for polishing aluminum using alumina abrasives in conjunction with phosphoric 
acid, hydrogen peroxide, ajid deionized water. U. S. Patent Nos. 5,391,258 and 
5,476,606 to Brancaleoni et al. discloses a slurry for polishing a composite of metal and 
silica which includes an aqueous medium, abrasive panicles and an anion which controls 
the rate of removal of silica. The anion contains at least two acid groups and the pKa of 
the first dissociable acid is not substantially larger than the pH of the polishing slurry, 
wherein the term substaniiaJly is defined as 0.5 units. 

Other polishing slurries for use in CMP processes are described in U. S. Patent 
No. 5.354,490 to Yu et al., U. S. Patent No. 5,340,370 to Cadicn et al.. U. S. 
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Patent No. 5,209.816 to Yu et al.. U. S. Patent No. 5,157,876 to Medellin. U. S. 
Patent No. 5,137,544 to Medeilin. and U. S. Paicm No. 4,956,313 to Cote et al., 
the specifications of which are incorporated herein by reference. 

Although many of the slurry composiiions are suitable for limited purposes, the 
slurries described above tend to produce poor film removal traits for the underlying 
films or produce deleterious film-corrosion which leads to poor manufacturing yield of 
typical multilevel metallization structures. In addition, the polishing slurries tend to 
exhibit unacceptable polishing rates and corresponding selectivity levels to the insulator 
media. 

Accordingly, a need remains for improved polishing slurries and processes 
related thereto which provide uniform metal layers and tliin-films, free from undesirable 
contaminants and surface imperfections. In particular, it is highly desirous to produce a 
polishing slurry for multilevel interconnects having low selectiviry to the barrier films, 
e.g.. Ti, TiN. Ta. and high selectivity to the insulator media surrounding the multilevel 
interconnects, e.g.. silica, spin on glass, and low-k dielectric materialSi which are not 
hazardous or corrosive. A further need remains for a single slurry which is capable of 
providing both the low selectivities and high selectiviiies to tlie barrier and insulator 
films, respectively. 



SUMMARY OF THE INVENTION 

The present invention is directed to a chemical mechanical polishing slurry for 
polishing metal layers and thin-films. The polishing slurry includes an aqueous 
medium, an abrasive, an oxidizing agent, and organic acid. In one preferred 
embodiment, the abrasive is a metal oxide abrasive consisting of metal oxides aggregates 
having a size distribution less ilian about 1.0 micron, a mean aggregate diameter less 
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thaji about 0.4 micron and a force sufficient to repel and overcome the van der Waals 
forces between abrasive aggregates themselves. In another preferred embodiment, the 
abrasive is a metal oxide abrasive consisting of discrete, individual metal oxide spheres 
having a primary particle diameter less than 0.4 micron (400nm) and a surface area 
ranging from about 10 mVg to about 250 mVg. AJso disclosed is a method of polishing 
metaj layers with the polishing slurry of tlie present invention. 

Depending on the choice of the o xidizing agent, the organic acid, and other 
desirable additives, the polishing slurry can be tailored to provide effective polishing to 
metal layers at desired polishing rales while minimizing surface imperfections, defects 
and unconTOllable corrosion. In addition, the polishing slurry of the present invention 
has been found to significantly lower or inhibit the silicon dioxide polishing rate, thus 
yielding enhanced selectivity with respect lo The insulator layer. Furthermore, the 
polishing slurry may be effectively used lo provide controlled polishing scleciivities to 
other Uiin-film materials used in cuirent integrated circuit technology, such as titanium, 
titanium niffidc and the like. 



3. Brief description of the drawings 

Figure 1 is a schematic of the set-up used for the electrochemical measurements 
of metallic dissolution during and after abrasion, as illustrated in Example 6. 

Figure 2 is an illustration of clectrochcmicaJ data measured as a function of 
polishing in A/cm^ on the x-axis versus potentiaJ in volts on the y-axis during abrasion 
and following abrasion of a aluminum-copper slug. 



4 



10-44047 



Figure 3 is an illustration of the change in corrosion potentiaJ in volts on the y- 
axis measured as a function of time on the x-axis once the surface abrasion has been 
discontinued. 

DETAILED nFJ?CRTPTin N OF THE INVHNTTON 

The present invention is directed to a chemicai mechanical polishing slurry for 
polishing metal layers and thin-films which includes an aq ueous mc diunn. an abrasive, 
an oxidizing agent, and an organic acid. The polishing slurry has been found to yield 
high sciectivity to the insulator layer. Preferably, the polishing slurry further provides 
low selectivity to ihe barrier meial layer or thin-film. 



The abrasive is typically a metal oxide abrasive characterized as having a surface 
area, as calculated from the method of S. Brunauer, P. H. Emmei, and 1. Teller, J, Am. 
Chemical Society, Volume 60, Page 309 (1938) and commonly referred to as BET, 
ranging from about 5 m^/g to about 430 mVg and should be of a high purity. High 
purity means that the total impurity content, from sources such as raw matcriaj 
impurities and trace processing contaminants, is typically less than 1% and preferably 
less than O.Ol % (i. c. 100 ppm). 

The metal oxide abrasive of Uie present invention is selected from the group of 
alumina, titania. zirconia, germania, silica, ccria and mixtures thereof. Preferably, the 
metal oxide is a fumed or precipitated abrasive and. more preferably is a fumed 
abrasive. The meial oxide abrasive may be produced utilizing techniques known to 
those skilled in the art. For example, the production of fumed metal oxides is a well- 
documented process which involves the hydrolysis of suitable feedstock vapor (such as 
aluminum chloride for an alumina abrasive) in a flame of hydrogen and oxygen. 
Molten panicles of roughly spherical shapes are formed in ihe combustion process, the 
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diameters of which arc varied through process parameters. These molten spheres of 
aJumina or similar oxide, typically referred to as primary panicles, fuse with one 
anoihcr by undergoing collisions at their contact points to form branched, three 
dimensional chain-like aggregates. The force necessary to break aggregates is 
considerable and often considered irreversible. During cooling and colleciing. the 
aggregates undergo furtlier collision tliat may result in some mechanical entanglement to 
form agglomerates. Agglomerates arc thought to be loosely held together by van dcr 
Waals forces and can be reversed, i.e. de-agglomc rated, by proper dispersion in a 
suitable media. 

Precipitated abrasives may be manufactured utilizing conventional techniques 
and arc typically formed by the coagulation of the desired panicles from an aqueous 
medium under the influence of high salt concentrations, acids or other coagulants. The 
particles arc filtered, washed, dried and separated from residues of other reaction 
products by conventional techniques known to those skilled in the art. In addition, the 
abrasive may be produced from other suitable tcdmologicj. such as sol-gcl and plasma 
processing. 

In one preferred embodiment, the metal oxide abrasive consists of metal oxides 
aggregates having a size distribution less than about 1,0 micron, a mean aggregate 
diameter less diajn about 0.4 micron and a force sufficient to repel and overcome the van 
der WaaJs forces between abrasive aggregates themselves. Such metal oxide abrasive 
has been- found to be effective in minimizing or avoiding scratching, pit marks, divots 
and other surface imperfections during polishing. The aggregate size distribution in the 
present invention may be determined utilizing known techniques such as transmission 
electron microscopy (TEM). The mean aggregate diameter refers to the average 
equivalent spherical diameter when using TEM image analysis, i. e. based on the cross- 
sectional area of the aggregate. By force is meant that either the surface potential or the 
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hydracion force of the mctaJ oxide panicles must be sufficient to repel and overcome the 
var dcr WaaJs attractive forces between the particles. 

In another preferred embodiment, the meta! oxide abrasive consists of discrete, 
individual metal oxide spheres having a primary panicle diameter less than 0.4 micron 
(400nm) and a surface area ranging from about 10 m^/g lo about 250 mVg. 

Preferably, the metal oxide abrasive is incorporated into the aqueous 
medium of the polishing slurry as a concentrated aqueous dispersion of metal 
oxides, which aqueous dispersion of metal oxide abrasives typically ranges from 
about 3% to about 45% solids and. preferably, between 10% and 20% solids. The 
aqueous dispersion of metal oxides may be produced utilizing conventional 
techniques, such as slowing adding the metal oxide abrasive to an appropriate 
media, for example, deionized water, to form a colloida! dispersion. The 
dispersion is typically completed by subjecting it to high shear mixing conditions 
known to those skilled in the an. The pH of the slurry may be adjusted away from 
the isoelectric point, as described below, to maximize colloidal stability. 

In a more preferred embodiment, the concentrated aqueous dispersion of metal 
oxides has a mean aggregate size distribution less iJian 0.2 micron and also have a 
maximum zeta potential greater tlian ±10 millivolts. Zeta potential (Q is the poiential 
difference, measured in a liquid, between tJie shear plane and the bulk of the liquid 
beyond the limits of the electrical double layer. The zeu potential is dependent on the 
pH of the aqueous medium. For a given meial oxide abrasive composition, tlic 
isoelectric point is defined as the pH at which zeta potential is zero. As the pH is 
increased or decreased away from the isoelectric point, the surface charge is increased 
negatively or positively, respectively. As the pH continues to increase or decrease, the 
surface charge will reach an asymptote, the asymptote being referred to as the maximum 
zeta poicniial. It should be noted iJiat the maximum zeta poiemial and isoelectric point 
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are functions of the metal oxide composition and that the maximum zeta potential can be 
effected by ihe addition of salts to the aqueous medium. For a more complete 
discussion of zeta potentials, please see R. I. Hunter, Zeta Potential in Colloid Science 
(Academic Press 1981). 

The loading level of the abrasive in the polishing slurry may comprise between 
0.5% and 55% of tlic slurry depending on the degree of abrasion required. The 
abrasion capability of the metai oxide, in turn, is a function of the panicle composition, 
the degree of crystal linity and the crystalline phase, e. g. gamma or alpha. In order to 
achieve the desired selectivity and polishing rate, it has been found that the optimum 
surface area and loading level of the metal oxide abrasive may vary. For example, an 
alumina abrasive typically has a solids loading level in the finaJ polishing slurry ranging 
between about 1% and about 12%. preferably between 2% and Z%, nxire preferably 
between 3% and 6%. 

The oxidizing agent of the present invention is added to the polishing slurry to 
oxidize the metal layer to its corresponding oxide or ions. For example, in the present 
invention, an oxidizing agent may be used to oxidize a meul layer lo its corresponding 
oxide, such as aluminum to aluminum oxide or copper to copper oxide. The layer is 
mechanically polished to remove the respective oxide from the layer. Although a wide 
range of oxidizing agents may be used, suitable agents include oxidizing metal salts, 
oxidizing metal complexes, nonm&tallic oxidizing acids such as peracetic and periodic 
acids, iron salts such as nitrates, sulfates, EDTA, citrates, potassium fcrricyanide and 
the like, aJuminum salts, sodium salts, potassium salts, ammonium salts, quaternary 
ammonium salts, phosphonium salts, or other cationic salts of peroxides, chlorates, 
pcrchloratcs, nitrates, permanganates, persulfates and mixtures thereof. Funhermore, it 
is expected that water may also be used as an effective oxidizing agent in slurries when 
elecorOTvegative metals are used, -such as aluminum. The standard electrochemical 
potential for iJie oxidation of, for example, aluminum to Al"*''* -ions is: Eo = -1.663 -h 
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0.0197 Iog(Al'*'^) and for the oxidation to AI2O3. Eq = -l.S50-0.0591 pH, expressed in 
Volts, V, against normal hydrogen electrode^ NHE (as defined (n "Atlas of 
Elcchtrochcmical Equilibria in Aqueous Solutions' by M. Pourbabc, Pergamon Press, 
New York, 1966). Tlie standard potential for HjO* and HjO reduction is 0 V on the 
same scale. The actual potential which can be measured during the abrasion of 
aluminum in some of the electrolytes, without the addition of oxidizers, is -1.4 V vs. 
NHE. This potential is low enough for vigorous reduction of both H^O* and H3O. 
Electrochemical measurements indicate that the prevailing reduction reaction is that of 
water. 

TypicaJly, the oxidizing agent is present in the slurry in an amount sufficient to 
ensure rapid oxidation of tlic metal layer while balancing the mechanical and chemical 
polishing components of the slurry. As such, the oxidizing agent is typically present in 
the slurry from about 0.5% to 15% by weight, and preferably in a range between 1% 
and 7% by weight. 

In addition, i( has further been found that inorganic acids and salts thereof may 
be added to the polishing slurry to improve or enhance the polishing rate of the barrier 
layers in the wafer, such as titanium and tantalum. Preferred inorganic additives include 
sulfuric acid, phosphoric acid, nitric acid, ajTimonium salts, potassium saits, sodium 
salts or other cationic salts of sulfates and phosphates. 

A wide range of conventional organic acids may be used in the present invention 
to enliance the selectivity to oxide polishing rate, such as monofunctional acids, di- 
fiinctionai acids, hydroxy 1/carboxy late acids, chelating and non-chelaiing acids. 
Preferably, the organic acid is selected from the group of acetic acid, adipic acid, 
butyric acid, capric acid, caproic acid, capryiic acid, citric acid, glutaric acid, glycolic 
acid, formic acid, Pumaric acid, lactic acid, lauric acid, malic acid, maleic acid, malonic 
acid, myristic acid, oxalic acid, palmitic acid, phihalic acid, propionic acid, pyruvic 
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acid, stearic acid, succinic acid, tanaric acid, valeric acid and derivatives thereof. Jt is 
aJso believed that the organic acids of the present invention possess the ability to 
complex or associate with dissolving metals and improve the removaJ rate of metai thin- 
films, such as aluminum, titanium and the like, during the CMP process. 

Typically, the organic acid is present in the slurry, individually or in 
combination witli other organic acids, in an amount sufficient to enhance the oxide 
selectivity without detrimentally effecting the stability of the slony. As such, the 
organic acid is typically present in the slurry from about 0.05% to 15% by weight, and 
preferably in a range berween 0.5% and 5.055 by weight. 

It has been found that an imcrrclaiionship exists between the metal oxide 
abrasive, the oxidizing agent and the organic acid of the present invention to improve or 
enhance ilie selectivity to oxide polishing rate of the polishing slurry. 

In order to further stabilize a polishing slurry containing an oxidizing agent 
against settling, fiocculation and decomposition of the oxidizing agent, a variety of 
additives, such as surfactants, polymeric stabilizers or other surface active dispersing 
agents, can be used. The surfactant can be anionic, cationic, nonionic, amphoteric and 
combinations of two or more surfactants can be employed, Funhcnnore, it has been 
found that the addition of a surfactant may be useful to improve the wiihin-wafer-non- 
uniformity (WIWNU) of tiic wafers, thereby improving the planarity of the surface of - 
the wafer and improving yield. 

In general, the amount of an additive used, such as a surfactant, in tlie present 
invention should be sufficient to achieve effective steric stabilization of the slurry and 
will typically vary depending on the particular surfactant selected and the nature of the 
surface of the meial oxide abrasive. For example, if not enough of a selected surfactant 
is used, it will have linle or no effect on stabilization. On the other hand, too much of 
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the surfactant may result in undcsirabic foaming and/or floccutation in the slurry. As a 
result, additives like surfactants should generally be present in a range between about 
0.001% and 10% by weight. Funhermore, the additive may be added directly to the 
slurry or treated onto tlie surface of the metal OKide abrasive utiliiing known techniques. 
In cither case, the amount of additive is adjusted to achieve the desired concentration in 
the polishing slurry. 

The polishing slurry may be produced using conventional techniques known to 
those skilled in the art. Typically, the oxidizing agent, organic add and other desired 
additives, such as surfactants, are mixed into the aqueous medium, such as deionized or 
distilled water, at pre-deiermined concentrations under low shear conditions until such 
components are completely dissolved in the medium. A concentrated dispersion of the 
metal oxide abrasive, such as fumed alumina, is added to tlie medium and diluted to the 
desired loading level of abrasive in the fmal polishing slurry. 

The polishing slurry of the present invention may be used as one package system 
(metaJ oxide abrasive and oxidizing agent, if desired, in a stabie aqueous medium), a 
two package system (the first package consists of the metal oxide abrasive in a stable 
aqueous medium and the second package consists of the oxidizing agent) or a muki- 
package system with any standard polishing equipment appropriate for use on the 
desired metaJ layer of tlie wafer. The two or multi package system is used when an 
oxidizing agent decomposes or hydrolyzcs over lime. In the two or multi package 
system, the oxidizing agent and other desirable additives may be added to the slurry jusi 
prior to polishing. 

The polishing slurry of the present invention has been found to significantly 
lower or inhibit the silicon dioxide polishing rate, thus yielding enhanced seleciivicy. In 
addition, the polishing slurry may be effectively used to provide controlled polishing 
seleaivitics to other thin-film materials used as undcrlayers or barrier films in current 
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integrated circuit technology, such as titanium, titanium nitride and the like. The 
polishing slurry of the present invention may be used during ihc various stages of 
semiconductor integrated circuit manufacture to provide effective polishing at desired 
polishing r^ies while minimizing surface imperfections and defects. 



Non-limiting illustrations of the polishing slurry of tlie present invention follow. 

EXAMPLE 1 



Eight polishing slurries were prepared to investigate the interrelationship between the 
abrasive, the oxidizing agent and the organic acid on polishing and selectivity in 
accordance with the present invention. Tlie slurries consisted of fumed alumina, an 
oxidizing agent, an organic acid, and the remainder dcionized water. The properties of 
the slurries are described in TabJe ]. The slurry was utilized to chemicalty-mechanically 
polish an aluminum layer having a thickness of approximately 12,000A using a 
composite pad available from Rodel, Inc., Newark DE. The polishing condiuons and 
performance results are illustrated in Table 11. 



TABLE I 



Sample Abrasive Oiidiztog Accot Organic Acid 

Fumed AJuxnina Auimocuum Penulfate Succinic Acid 

Cotjcenitation (wi%) Concenrrarion (wt5^) Coocentrauon (wc?£) 



16 4 5 

16 4 Q.05 

3 6 8 5 

* 6 8 0.05 

5 3 4 5 

6 3 4 0.05 

7 3 S 5 

8 3 8 0.05 
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TABLE II 



Sample 


Pressure 
(psi) 


Flow Race 
(ml/min) 


111 


Spindle Ai Polishios 
Sp«ed Rare 
(rpm) (A/min) 


III 


Sc Icciivity* 


1 


5 


200 


100 


125 


4993 


13 


384:1 


2 


5 


200 


100 


123 


4662 


80 


58:1 


3 


5 


200 


100 


125 


4782 


21 


228:1 


4 


5 


200 


100 


125 


4738 


54 


88.1 


3 


3 


200 


100 


125 


4196 


13 


323:1 


6 


3 


200 


100 


125 


4177 


46 


91:1 


7 


J 


200 


too 


125 


4133 


15 


276:1 


8 


3 


200 


300 


)25 


4445 


32 


139:1 



(*AluminuiD:TlicnDal Oxide Selectivity, Le. die polishins rate ratio between die ilumiaum layer and 
the tbcrmal oxide). 

As shown in Tabic 11, increasing the alumina abrasive concent from 3 % by 
weight to 6% by weight in the polishing slurry enhanced the aJuminuin rcmovaJ rate by 
approximately 500 A/minute, Increasing the oxidizing agent, ammonium persuifete, 
from 4% to 8% did not affect any of the response variables significantly. Increasing ihe 
organic acid, succinic acid, from 0.05% (samples 2, 4. 6 and 8) to 5% (samples 1, 3. 5 
and 7) significantly lowered the oxide removal rate, thereby enhanced the selectivity to 
thermal oxide by approximately 200:1. This example demonstrates the inteirelationship 
between the metal oxide abrasive, the oxidlting agent and the organic acid of the present 
invention to improve or enhance the selectivity to oxide polishing rate of the polishing 
slurry. 

EXAMPLE 2 

Seven polishing slurries were prepared to investigate the use of various 
organic acids at various concentrations and dicir effect on polishing and selectivity in 
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accordance with the present invention. The slurries consisted of fuiTicd aJumina, an 
oxidizing agent, an organic acid, and the remainder dcionizcd water. The propenies of 
the slurries are described in Table III. The slurry was utilized to chemically- 
mechanicaily polish an aJuminum layer having a thickness of approximately 12,0OOA 
with a blown polyuretliane felt pad (available from Rippey Corporation, El Dorado 
Hiils. CA). The polishing conditions and performance results are illustrated in Table 

rv. 

TABLE III 



Sample Slurry Sur&cc Oxidizer Organic 

Abns\vc(wt%) Area (rnVg) (wt%) Acid <wtS) 



accricO.OX) 

(2naric(0.5%) 

tanaric(3.0%) 

philiilic(0.2%) 

gluconic CO. 5%) 

glucomc(3.0%} 



Fumed 

AJtunina(59&) 

Fumed 
AJuinina(59&} 

Fumed 

Aiuxnina(5%) 

Fumed 
AJuxDica(5%) 

Fumed 

Aluznina(5%} 
Fumed 

AIuxDina(55&) 
Fumed 

AJumiaa(5%) 



55 



55 



55 



55 



55 



55 



55 



Ammonium 
PcrsuJfatcC4%) 

Ammoaium 
Pcrsulftic(4%) 

Ammoaium 
Pcrsulfatc(4fO 

Ammonium 
Pcrjuifatc(4%) 

AouDoniuni 
Pcrsulfaic(4%) 

Ammonium 
Pcr3ulfaic(4r.) 

Ammonium 
PcrsulfiBic(4%) 
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TABLE IV 



Sample Pressure Flow Rate Tabic Spindle Al Polishing Oxide Sclccrivity* 

Cpsi) (ml/min) Speed Speed Rate Rate 









(rpm) 


(rpni) 


(A/min) 


(A/mio) 




1 


5 


200 


50 


50 


1963 


4.3 


457:1 


2 


5 


200 


50 


50 


1431 


0.2 


7255 


3 


5 


200 


50 


50 


1090 


1.75 


623 


4 


5 


200 


50 


50 


112S 


10.35 


109 


5 


S 


200 


50 


50 


1768 


12.3 


144 


6 


5 


200 


50 


50 


613 


17,7 


34.6 


7 


5 


200 


50 


50 


34 1 


4.75 


71. « 



(* Aluminum: Thermal Oxide Selectivity, i.e. ihe polishing rate ratio benweeo the aJimuDum layer azid 
die Uienna! oxide^. 

Table IV illustrates the a number of different organic acids may be used in 
the polishing 5lun7 of the present invention to suppress tlie oxide polishing rate, thereby 
significantly improving the selectivity. A desirable high selectivity is typically defined 
as having a removal rate equal or greater than 50:1 between the first layer (aluminum) 
and the second layer (thermal oxide). In contrast to the previously disclosed slurries of 
the prior an. the polishing slurry of the present invention exhibits a high degree of 
selectivity to the insulator layer. SiOi. It should ftinhcr be noted that the AI rate may 
need to be. improved depending on the desired polishing rate and in order to achieve 
acceptable wafer throughput. 

EXAMPLE 3 

The polishing slurries of samples 3 and 4 in Example 2 were further 
investigated to demonstrate the effect of ilic present invention on selectivity to other 
mctaJ layers. The propcntcs of samples 3 and 4 are reproduced in Table V. The slurry 
was utilized to chemically-mechanically polish a titanium layer having a thickness of 
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approximately 12, 000 A with a Rodcl 28' pad (available from Rodcl, Inc.» Newark, 
Delaware). The polishing conditions and performance results are illustrated in Table 
VT. 



TABLE V 



Sample 


Slurry 


Surface 


Oxidizer 


Organic 




Abni5ive(wt%) 


Area (m 


,Vfi) (wt95) 


Acid (wt%) 


I 


Fumed 


55 


Anuuoaium 


tanaric(0.556) 








Pcrsulfitc(4%) 




2 


Funied 


55 


Amnionium 


ianaric(3.0%) 




AliuDioa(5$&} 




Pereul*ate(4^) 










TABLE VI 




Sample 


Pressure 


Flow Rate 


Table Spindle Al Potishinj 


Ti Selccrivity* 




(psi) 


(ml/mio) 


Speed Speed Rate 


Raie 








(rpni) (rprti) (A/min) 


(A/min) 


L 


5 


200 


50 50 [090 


259 4:1 


2 


5 


200 


50 50 1128 


598 2: 1 



(♦AJuminum.'Tiianium Selectivuy. i.e. Uie poUshios rate ratio between ihe aJuminum layer and ihe 
(iuoium]. 

Table VI demonstrates that, in addition to improving the aluminum to oxide 
selectivity, the polishing slurry of the present invention may further be used to increase 
the T\ removal rate, thereby lowering the seleciivicy to Ti. A desirable low selectivity is 
typically defined a having a rcmovaJ rate equal or less than 10:1 between the fu-st and 
second layers. More preferred is a removal rate equal or less than 5:1 between the first 
and second layers. This process can be effectively replicated while fabricating 
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semiconductor circuits to provide the desired seleciivicy £o the Ti cladding film 
accompanying the Al inira-chip wiring. 

It is believed that die buffering capacity or concentraiion of the organic acid 
in the polishing slurry has been found to p!ay an important role in promoting low Ti 
selectivity. The buffering capacity, which may be represented by the free acid 
component of the slurry, may be determined by utilizing known techniques to calculate 
the free acid to total acid points. 

EXAMPLE 4 

A polishing slurry was prepared to evaluate the dissolution and self- 
passivation of aluminum. Tlie slurry consisted of 3% by weight fumed alumina as the 
abrasive, 3% succinic acid as iJie organic acid» 4% ammonium persulfate as the 
oxidizing agent and the remainder deionized water. A rotating disk electrode (RDE) 
system setup, as illustrated in Figure 1, was adopted to evaluate the dissolution rate of 
aluminum with a continuous renewal of the aluminum surface by abrasion, as well as 
the corrosion and passivation of the metaJ in the slurry immediately after the abrasion, 
A metallic sample consisting of aluminum and copper in tlie form of a slug was 
embedded in a stick-resistant sleeve and attached to a rotating motor. The electrode was 
placed into an electrochemical cell widi a scouring pad at the bottom. Witii a controlled 
rotation of 500 rpm and downward pressure of 1200 grams, the metaJ surface of the 
slug was abraded by the slurry and its dissolution was determined by simultaneously 
calculating electrochemical data provided by the electrode. After the measurement with 
abrasion was complete (taking approximately 100 seconds), the electrode was raised 
away from the pad while continuing the rotation of the electrode and simultaneously 
recording the electrode potential. Once the potential was stabilized, after approximately 
5 minutes, the poiemiodynamic polarization was re-applied to determine the rate of 
dissolution in Uic absence of die abrasion. A sweep rate of 10 mV/scc and a sufficiently 
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large potential range was allowed to provide an estimate of the rates and of the rate 
determining steps. 

The results obtained from the slurry are demonstrated in Figures 2 and 3. 
During tlic abrasion step, aluminum dissolves ai a rate of 7.2 x 10-3 A/cm^ (1,728 
AJminute). However, as noted in Figure 3, as soon as the abrasion is stopped » the 
aluminum potential readily increases and the rcpassivation of the surface sets in. The 
dissolution of aluminum after the abrasion (which is equivalent to wet etching) Is low. 
that is at about 1 x lO'^k/crr? or 2.4 A/min. The shape of the potential lime curve 
indicates that normally corrosion-sensitive aluminum readily repassivates. As a result, 
the organic acid was found to act as a corrosion inhibitor, thereby minimizing concerns 
of any uncontrollable corrosion loss during CMP processing. 

As described herein, the oxidizing agent, tlie organic acid, and other 
additives, of the polishing slurry can be tailored to provide effective polishing to metaJ 
layers at desired polishing rates while minimizing surface imperfections » defects and 
uncontrollable corrosion lost. In addition, the polishing slurry of the present invention 
has been found to significantly lower or inhibit the silicon dioxide polishing rate, thus 
yielding enhanced selectivity with respect to the dielectric layer. Furthermore, the 
polishing slurry may be effectively used to provide controlled polishing sclectivities co 
other thin- film materials used in current integrated circuit technology, such as copper 
arel titanium, as well as underlayers such as titanium, titanium nitride, titanium tungsten 
and similar alloys. 

It is further understood that the present invention is not limited to the 
particular embodiments shown and described herein, but tiiat various changes and 
modifications may be made without depaning from the scope and spirit of the invention. 

What is claimed is: 
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4. Claims 

1. A chcmicaJ-mechanicaJ polishing slurry for polishing a substrate containing 
an insulator layer and aC least one metal layer or thin-film comprising: 

an aqueous medium; 
an abrasive; 
an oxidizing agent; and 
an organic acid, 

wherein rhe selectivity between said metal layer or thin-film and said 
insulator layer is equal or greater tJian 50:1. 

2. Tlic slurry of claim I. wherein said aqueous medium is dcionizcd water. 

3. The slurry of claim 1, wherein said aqueous medium is distilled water. 

4. The sluny of claim 1, wherein said abrasive is a metal oxide abrasive. 

5. The slurry of claim 4, wherein said meial oxide abrasive is selected from the 
group consisting of: alumina, ceria. germania, silica, titania. zirconia, and mbetures 
thereof. 

6. The slurry of claim 4, wherein said meta! oxide abrasive consists of metal 
oxides aggregates having a size distribution less than about 1.0 micron, a mean 
aggregate diameter less ihaji about 0.4 micron. 

7. Tiie slurry of claim 4. wherein said metal oxide abrasive cor\sisis of discrete, 
individual metal oxide spheres having a primary panicle diameier less than 0.400 
micron and a surface area ranging from about 10 mVg to about 250m^/g. 
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8. The slurry of claim 1. wherein said abrasive has a surface area ranging from 
about 5 mVg to about 430 mVg. 

9. Tlie slurry of claim 8, wherein said abrasive has a surface area ranging from 
about 30 m*/g to about 170 mVg. 

10. The slurry of claim* 1. wherein said abrasive is present in said slurry in a 
range between about 0.5% and 55% by weight. 

11. The slurry of claim 10, wherein said abrasive is present in said slurry in a 
range between about 1 % and 10% by weight. 

12. The slurry of claim 4. wherein said meial oxide abrasive is a precipitated 
abrasive or a fumed abrasive. 

13. The slurry of claim 5, wherein said alumina is a precipitated alumina or a 
fumed alumina. 

14. The slurry of claim 1, wherein said oxidizing agent is an oxidizing metal 
saJt. 

15. The slurry of claim 1. wherein said oxidizing agent is an oxidizing metal 
complex. 

16. The slurry of claim 1, wherein said oxidizing agent is an oxidizing 
nonmciallic compound. 
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;7. The slurry of claim 16, wherein said oxidizing nonmetallic con^pound is 

ammonium pcrsulfatc, hydrogen peroxide, pcracciic acid, periodic acid and mixtures 
thereof. 

18. The slurry of claim 1, wherein said oxidizing agent is selected from die 
group consisting of: iron salts, aluminum salts, sodium salts, potassium salts, 
ammonium salts, qualenrvary ammonium salts, phosphonium salts, peroxides, chlorates, 
perchl orates, nitrates, permanganates, persulfaies and mixtures thereof. 

19. The slurry of claim 1, wherein said organic acid is selected from the group 
consisting of: monofunciional acids, di-functional acids, hydroxyl acids, carboxylate 
acids, chelating acids and non-chelating acids, and mixtures thereof. 

20. The slurry of claim 1, wherein said organic acid is selected from the group 
consisting of: acetic acid, adipic acid, butyric acid, capric acid, caprotc acid, caprylic 
acid, citric acid, glutaric acid, glycolic acid, formic acid, fumaric acid, lactic acid, 
lauric acid, malic acid, maleic acid, malonic acid, myristic acid, oxaiic acid, palmitic 
acid, phthalic acid, propionic acid, pyruvic acid, stearic acid, succinic acid, tartaric 
acid, valeric acid and derivatives thereof. 



21, The slurry of claim ], wherein said organic acid is present in said slurry in 
an amount sufficient to improve the oxide selectivity of said slurry. 

22, The sluny of claim 2 1 . wherein said organic acid is present in an amount 
s between 0.5% and about 7% by weight. 

23, The slurry of claim I , wherein said slurry further comprises a surfactant. 
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24. The slurry of claim 23, wherein said surfactant is sclccicd from the group 
consisting of: anionic surfactants, cationic surfactants, nonionic surfactants, amphoteric 
surfactants, and mixtures thereof. 

25. The slurry of claim 1, wherein said slurry further comprises an inorganic 
acid. 

26. The slurry of claim 1. wherein said slurry further comprises an inorganic 
salt. 

27. A method for chemical-mechanical polishing of a substrate containing an 
insulator layer arxj at least one metal layer or ihin-film. the method which comprises the 
steps of: 

a) providing a chemical mechanical polishing slurry comprising: dsi 
aqueous medium, an abrasive, an oxidizing agent, and an organic acid, wherein the 
selectivity between said metal layer or thin-film and said insulator layer is equal or 
greater than 50:1; and 

b) chemical mechanical polishing a metal layer or thin-film on a 
semiconductor substrate with said slurry. 

28. The method of claim 27. wherein said metal layer or thin-film is selected 
from the group consisting of: aluminum, copper, titanium, tantalum, and alloys 
thereof. 

29. The method of claim 28, wherein said metal layer or thin-film is aJuminum 
or aluminum alloy. 
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30. The method of claim 29. wherein said aluminum layer ar thin-film further 
comprises at least one underlayer selected from the group consisting of titanium, 
titanium nitride, titanium tungsten, tantalum, and mixtures thereof. 

31. Tlic method of claim 28, wherein said meial-Iayer or thin-film is copper. 

32. The method of claim 31, wherein said copper layer or thin-film funher 
comprises at least one underlayer selected from the group consisting of: lionium. 
titanium nitride, titanium tungsten, tantalum, and mixtures thereof. 

33. Tlie method of claim 27, wherein said aqueous medium is deionizcd water. 

34. The method of ciaim 27, wherein said aqueous medium is distilled water, 

35. The method of claim 27, wherein said abrasive is a metal oxide abrasive. 

36. The method of claim 35. wherein said metal oxide abrasive is selected from 
the group consisting of: alumina, ccria. gcrmania, titania. silica, zirconia. and mixtures 
thereof. 

37. Tlic method of claim 35, wherein said metal oxide abrasive consists of meial 
oxides aggregates having a siie distribution less than about 1.0 micron, a mean 
aggregate diameter less than about 0.4 micron. 

38. The method of claim 35, wherein said metal oxide abrasive consists of 
discrete, individual metal oxide spheres having a primary panicle diameter less than 
0.400 micron and corresponding surface area ranging from about 10 mVg to about 250 
mVg. 
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39. The method of claim 27, wherein said abrasive has a surface area ranging 
from about 5 m^/g to about 430 m^/g. 

40. Tlie method of claim 39, wherein said abrasive has a surface area ranging 
from about 30 mVg to abouc 170 m^/g. 

41. The method of claim 27. wherein said abrasive is present in said slurry in a 
range between about 0.5 % and 55% by weight. 

42. The method of claim 41, wherein said abrasive is present in said slurry in a 
range between about 1 % and 10% by weight. 

43. The metliod of claim 35, wherein said metal oxide abrasive is a precipitated 
abrasive or a fumed abrasive. 

44. The method of 36. wherein said alumina is a precipitated alumina or a fumed 
alumina. 

45. The method of claim 27, wherein said oxidizing agent is an oxidizing metaJ 
salt. 

46. The method of claim 27, wherein said oxidizing agent is an oxidizing metal 
complex, 

47. The method of claim 27. wherein said oxidizing agent is an oxidizing 
nonmetallic complex. 
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48. The method slun7 of claim 47» wherein said oxidizing nonmetaJlic complex 
is ammonium pcrsulfatc, hydrogen peroxide, peracclic acid, periodic acid and mixtures 
thereof, 

49. The metliod of claim 27, wherein said oxidizing agent is selected from the 
group consisting of: iron salts, aluminum salts, sodium salts, potassium salts, 
ammonium salts, quaternary ammonium salts, phosphonium salts, peroxides, chlorates, 
perchloraies. nitrates, permanganates, persulfates and mixtures thereof. 

50. The method of claim 27, wherein said crgajiic acid is selected from the 
group consisting of: monoftjnctionat acids, di-fiinciional acids, hydroxyl acids, 
carboxylate acids, chelating acids and non-chelaiing acids, and mixtures thereof. 

51. Tlie method of claim 50. wherein said organic acid is selected from the 
group consisting of: acetic acid, adipic acid, butyric acid, capric acid, caproic acid, 
caprylic acid, citric acid, glutaric acid, glycolic acid, formic acid, fumaric acid, lactic 
acid, lauric acid, malic acid, maleic acid, malonic acid, myrisiic acid, oxalic acid, 
palmitic acid, phthalic acid, propionic acid, pyruvic acid, stearic acid, succinic acid, 
tartaric acid, valeric acid and derivatives thereof. 

52. The method of claim 27. wherein said organic acid is present in said slurry 
in an amount sufficient to improve the oxide selectivity of said slurry. 

53. The method of claim 52, wherein said organic acid is present in an amount 
between 0.5% and about 7% by weight. 

54. Tlie method of claim 27. wherein said slurry further comprises a surfactant. 
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55. The method of claim 54, wherein aaid surfactant is selected from the group 
consisting of: anioaic surftciants. cationic surfacianc. nonionic surfactants, amphoteric 
surfactants, and mixtures thereof. 

56. The method of claim 27. wherein said slurry furdier comprises an inorganic 
acid. 

57. The method of claim 27, wherein said slurry further comprises an inorganic 
salt. 

58. Tl>e method of claim 30. wherein the selectivity between said aluminum 
layer or iliin-film and said underlaycr is equal or less tlian 10:1. 

59- Tlie metJiod of claim 32, wherein die selectivity between said copper layer 

or thin-film and said underlayer is equal or less tJian 10: 1. 
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Scouring Pad 

FIG. I 
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1. Abstract 

^ polishing slurry for chemically irechanically polishing metaJ layers ««) 
films during rf-e various stages of muUilcvel interconnect fabrication associated with 
integrated circuit manufacturing. The slurry includes an aqueous medium, an abrasive, 
an oxidizing agent, and an organic acid. The polishing slurry has beer, found to 
signitontly lower or inhibit the silicon dioxide polishing rate, thus yielding enhanced 
selectivity. In addition, the polishing slurry is usefiil in providing effective polishing to 
metal layers at desired polishing rates while minimizing surface imperfections and 
defects. 

Also disclosed is a method for producing coplanar metal/insulator films on a 
substrate utilizing the slurry of the present invention and chemical mechanical polishing 
technique relating thereto. 

2. Representative Drawing 
Fig. 1 
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©p Ka«wsffl:^7 >;-©p Hj:f) hmnm<<cM< u 
<> ■e©sm*iiKe<jtco. 5©^{4-c$ij|!S3n-s. 

[0 00 5 ] CMP7'P-lrXK:ffiffl3n.5C©ff!2©PS 
fflX^y-t*. Yu6©d|4S!t$iipm5 35 449 0-^. 
Ca d i e n6©*Hi^itm5 34 0 3 7 0#. Yu6 
©J|4a#fm5 2 0 9 8 1 6-^. Me d e 1 1 i n©* 
@1#i*IB5 1 5 7 8 7 6-^. Me d e I 1 i n©3KS# 
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i¥m5 1 3 7 5 4 4-^. Cote h(!>^mm<^m4 9 5 

6 3 1 3-^(ciet)c3nr*j«j. cn6©^i^ii*BH-cfc 

[0 00 6 1 x-5';-ia^!^o#K«!^s©ps^sn/t 
fflj^fc«a^r*^*i. ±ie©x7y-«, t>i©]S(c 
5^tLrM©l^*tt35iii<. s/c. —mit£^m\^^}V^ 

[000 7 ] hfci)i^x, f^-tji^mtmrn^j^^m 
if^ffl^v •;-<t-e©w^^-7*p-fex(c>Ffr-5--x*s?? 

fiEb-CC^-S. !^{C. /N-yi'M (t^. T i , T i N. T 

a) icy^Lxm^mvi^^mL. ^mv^)\^^Wi^mts 

(0!I. *'7X±©;<b->. figf^^lvf 

i». ^*U'<;uSi^©/ci?)©ifgffl;:^^';-*tl«T-5) 
c:<b*5giii>-cs$n-cc»5. 4>'5 1 o©r.-x«. -'N'l; 

[0 00 8 ] 

[pjaS:^^fifcto©^g] 2|:^BJ{J. ifeHSiaEM 

$^1. 0 /Lim*?i©-y-'rX^?iJ. *^J0. A um^mo^ 

1 -:)©5ft bti.«fi|{c*JC»r. fF^lvfW> O. 4/im 
(4 0 0nm) ^m<D—'XWS^tm \ 0 m' /e-mzb 
Om' /g©«ffi«*Wr*<i'?(Cil4A£L//c^Bim!^ 

[0009] mm. mum. so'-?-©te©as 
accB»fM©jiS©3^iftW^cw^*ffiet-r-5)i[5i^K:. * 

HJ©w^ffl>^7 z:K!fb^-^iR©wSiiS=Srii^ 
(C<g< LXWWJL/. C©/cis?>. -^w/ltcoti-riift* 

^ 'J - ^tt©»S[i]KtSJ|!j{ci^ffl Sti^flfe© 
»MW?4©mtf5^5?>. ^{b^^>Aj:i'(cot,i-r. m 

[0010] sIc^Hjti. ^BIJl-«»»IB;&5IF^-r-S/c«!>© 

50 fb^w-^wjw^fflX7y-{cM-r.5*>©-c*9. * 



wew. mim. Ru^mm^^^a. ^wmm 

[001 l]mm^it. — (StC, BETffii^SStl-S 
rs. Brunauer, P. H. Emmet, and 
Tel ler, J. Am. Chemical Soc 
iety. V0I6O. 309 H. 1 93 8^1 
-CiSiJ^LrS^Sm' /&~$^4 3 0m' /gO^MS* 

J; -5 ^cffi^iS tJftSOT'a -fe x±.<oymM 

0 1 % (1 0 Oppn ) *Slr&-5>C<!:?r;^lft-r.5. 
[0012] *^HJ(D^mfbi^Sf^«». T)\^Xi-. 

RO'C4T,^©S^*:'e))&:-5.i¥<fc»)j§$?3n.5., 

< ^mmitmt t - a f wgwx«ctP4iw^-c 

J:«5W*U<»t3.-AFif«1vt-C$)S. 
-C*.5o t*-A K^S^{b^CDS{3§». Ksg 

^^b-r-s. TJU5:^xwi5i«iiiK{bi^©cn6©;^ikb 
^ c i cc J: o -r ^• ^ ^ {c s c i *4 T ^ o 

[0013] itF^p^m. mn<Dtm^mi>^rm&^ 

Xv -fe ;^cDcfc ^ ^SftfeOiiWd^e^Sfjtc: J; o rSfiS 
[ 0 0 1 4 ] Sf * Lc>«i«l(c*sc>r. ^Jl^^bigjrop^ 

WW. ii^Jl. 0 um^im>-<t-( X^^. mo. 4 Mm* 



C5) !t#gg^ 10-^44047 

8 

iiiM^^giSft^ (TEM) <Dj:^tj:^mim^m(^^-cm 
j^^a5ita5rSi»-r?.o ^s.i>tn tit. ^mmim 
10 -rs. 

[0015] 4> ^ 1 -o©Sf$ ut>mfi|{c*jur. 

fb^ff^*t(*. 0. 4 Mm (4 0 Onm) *?^l©-^^!Ki^ 
mMtmiOm' /g~$^2 5 0m' /gO*ffiS?:W 

-S^l ^7 /N-^ 0^^{bfJ©^t«feT*i 6 S . 
WSL/<W. ^M®{b!B5W^W. ^R®J{b«J©TSt>* 

m4b%<Dmm^. Sf*L<«l 0%~2 0%©@ffJ:9- 
20 OJ: ^ J&aWAj:j«ft{c#)il^{b!B5WlgW*«' < *)mua 

«#«:<2r»]©iS5l9»f jl^{c-€-n?:«-r S C i tc J: o rtt 
±Cf6n-5>. X^'J-©pHW. 3a-rK©^^^€:« 

[0016] cfcOJfSLC^SgSlCCfcC^r. ^BIK^blJj© 
j«C >*^tJ(5^W 0.3m m^m<OW-mm^P^^ ■< X^flJ 

S/c. + 1 0 5 •;^;uh*±lHl-5^;*;-fe*-^'m 
30 fir;&WT-5)o -fe'-5fm{4(?) iW. m^— ®l©J^?f 
*«^-5?g«:©^(*<!:I?»r®©ra©> ?^<*43-CSiJSLfc 

^fiii-c*s. ^-■nmmt. *j^jii*©pHK:«<?¥-r 
■5. BiT-^©#)l®?{b!B!iBTet*©iffls£iBJcc-oc^r. ^m.-^. 

^^js «fc «3 it; < -5. < i^c s i . «Mm?5«-?-n^ 
nfticxwiE(ci©fln-r-5>, pH*iit*nx«i«ii>L«sw^ 

m&ifS^n-S. «:A:-b-i?mf4<!:l?m.'^,W#)BeJ{b!Bj 

$}io -fe'- :>«fi)[{COt»-C©i 0 I^L/l^lSiHJtCOt^-r W 
FR. J. Hunter. K^b=^©H2-^'m 
{4 (Academic Press 1 9 8 1 ) J 

[0017] *P^fflX^ •J-*©W^©?t«U^Jl' 
W. 'il>^<cWe©SSfc<i:or9i* 0. x^<;-©0. 
5%~5 5%-C*SCidi-C#5„ '^fc. ^MK{b%© 

a) ©M85t-C*^.. ^M©StRttiW^S*ff€»/ca6 
50 «c«, #BSJ{b^Pet*©S®«BSi3t«U--cJl'*i^ 



9 

■tm^mtmj^mmmm:^ ^ v -*(c. mi i 2 
[0018] :$:mM<Dmitmt. ^mmi'^<Dmitmx 

f*. #^#S^S!{b^J(Dp!l^«jai^^-?'M3'^;^K> i^?^ 

i^hU-h. ';i'TMb:<7U'i7A/i£-> T^WS-'t; 
AiS, ^^hU-^A^. ^U'i'A^. r>*-'?A^g. H 

E3r>^-'i7Aig. d^;^;^-'i7Ate. ^.SoiJja^jbie) 

;u5-9A*>e>A 1 ^t:y^<Dmit<Dfcii>(Dmmi^m 

^it^mmt. «**^@NHE r "At 1 a 
s of Elechtrochemical Equ 
ilibra in Aqueous Solutio 
ns" by M. Pourbaix, Pergamon 
Press. New York. 1 9 6 6 J tC^iS) 
iClttU-C4<)V[- (V) m{t-Qmt> L-CEo = - I. 6 6 
3+0. 01971og (Al*')-C*9> Al, O, 
^(DmitiC-oi^XitE o = - 1 . 550-0. 0591 

Aj: b {C4> ^,«^«©i4jr©T>'U 5 - -i? A©^>€©^«:SiJ 
^•rscidsrir, mmykm^m^cMur- I. 4V-C 
C<Dmmt. H, O* <tH, 0©^:^©S^)5:ji 

si£:«*©Sft;-c* -set *^K-r . 
[0019] — )Ktc« K^b^Jti. 'J-©tS«(e<j • it 

K{b«:5tfi^-r^©{c+^^cS-c;^7 -fpic^^-r^. 

*tjO. 5~15«S%. Sf3:L<«l~7aS%©ffiH 
"C#i5E-r^>. 5^3f>■f>^f>af;^©J;'5^c'?x->'^- 
©>'^'y^'®©iT^S?:5!^^•r-5X{3:lS^^)•5/c^^){c. 
^B?-^-€-©^*5:*:P^ffl;^ ^ «; -{CsdJn? nff -5 C <!: 

K> 5gK. T>t-'?A^. i^/V-^/Am. :^hyt7A 

h©-€-©ffe©*9=-:J- 
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[002 0] m{m<Dmmmmci^-r^mtR'&^mif>^ 

ixu-h^. drV-him, ^N+u- KbK©J:'5Ad:d; 
ffiffl^cji^©WliMAW^n?,ci*i-Ctf-2.. 

<». mrnmit. mm, rt^t-^K. iss^^ *7-<;> 

SCXc#a6©jl^©Sf*^6jStR$n^>. *^HJ 

(ommmit, ^b^ejj-^Me^pg^-ptx©^^:. 

>^c <fc'©^Batji©KJ*as*5S:A-r €.ttti*w-r t 

[0 02 1 ] -mc. mmmit. mLL-cximo^mm 
siiffl^^tosnr, ';-©ssi4(cMiJS?:R« 

4'K:ff?S-rs. -e©J: -5 *>©<!: tr. Wti^fJ— 
20 CC. $^0. 05^1 5afi%> Jf*O<«0. 5~5. 

0 ©eo r ^ - If (cff is-r -s . ;^ v 

-©S!{b!^W®iISK:*ft--SjlJR14?r5JtM-r 

ti^©racc*sfgSB5C^*^?¥eE-r.5c i^smasnrti 

[0 02 2] ^fbm^^tfweffflx^ otK. m 

u V -^^j-e ©ffe©«ffirsi±»tS(?f'j© i ^ 
<Dmnam^^m-r -s c t *s-c # -s, wsrsttsijar - 
30 *}^t>m, mmh-cj:< , 2m 

j';i±©WMr5l±^j©«i5».^to-a-*5t^ffl3n€> c <b t-c# 

Sfc. .^®r£^SiJ©^M±. •^x>''>-©'^a:>'N-rt 
glPFi^-tt (WIWNU) ^reScML/. -etifC J; -i? * 

>'^-©*a©¥ft^4?:3fcRb> iRm=?:^sb^<oicmm-c 

[0 02 3 ] — j53{C. *^Bj(Cfc(,>rfieffl5n-2>WtS?g 

tt^j© cfc ^ js^flnsij©s{i . X 7 - <Dnmmtj:u.wm 
€.©cc+^<t-r-<*-c*f3. — flstc. 

tl S !|t^©5^ffirSttffl <!: ^«^{ b«5ff ®«©«ffi©ttS 
»±< JS!jl^*s^ct,>r*.-5.^i„ ffe:^-c. jfiPJj&:a©waDrS 

«. — flsfc. *sjo. 0 0 1-1 omM%<Dm.-c^&-r-^ 

hJ:<. fe^l^tJ. ^*aSJ15?rfflC>r^)lK{b^WS« 

©Sffitctossnrfc «fci,», t,»-rn©«^r4>. miiaM 

©acj. -7 'J -©^SlriSS <fc J: ^ cciiggB 

50 sns. 



n 

[0024] :$iwmm:^^ y-i*. a^cc^jeno^s * 

[0 02 5] *:^BJCDWSfla:^ 5 'J —W^^ 10 

[0 0 2 6 ] :*:^Bjoiflgffl:^^ -gJ^b^rW'^ 20 

©if^S^SB»tc«J^X»iBT^#. Ltci}^r,X. M 



(7) 1 0-44047 

12 

;^7>;-ii. ¥^(*jiaiDi8SM^©a^©x?i-cfi^3 

n. affi©^^^14^^^Fi*}£P*fJL/JJc*56> B'fS©^^ 

[0027] .■xix:^^m<Dmmm:^r' v-^mK-n, 

[0 02 8 ] 

mi 

odeltt (Newark. 7'-5'i?iTiHO ffi^X^L 
/c«^>'^••y K^^b, 2000A©/l$*W-rS 



[0029] 
[^1 ] 







mim 


mmwt 




mm (wt%) 


(wt%) 




1 


6 


4 


5 


2 


e 


4 


0. 0 5 


3 


6 


8 


5 


4 


6 


8 


0. 0 5 


5 


3 


4 


5 


6 


3 


4 


0. 0 5 


7 


3 


8 


5 


8 


3 


8 


0. 0 5 
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40 [«2] 
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(psi) 


mm 

Cnl/^> 


f-n 
mm 

(rpm) 


(rpB) 








1 


5 


200 


100 


125 


4993 


13 


384:1 


2 


5 


200 


100 


125 


4662 


80 


58:1 


3 


5 


200 


100 


125 


4782 


21 


228:1 


4 


5 


200 


100 


125 


4738 


54 


88:1 


5 


5 


200 


100 


125 


4196 


13 


323:1 


6 


5 


200 


100 


125 


4177 


46 


91:1 


7 


5 


200 


100 


125 


4133 


15 


276:1 


3 


5 


200 


100 


125 


4445 


32 


139:1 



m<Dz3j\i^mf)^o, 0 5% iv>y')\^2. 4. 6. 8) 

f)^h5% (V->y'J\^l. 3. 5. 7) tcifjp-r^i. m 

m 3 



(i:jVy ^)V^Tjii<DE \ Dorado Hills 
CC&^R i pp eyttiOA^) ^rfi^fflUr, 1 2 0 
0 0 3 ^ W-r ^ ^ ^ »^ A@?:fb^&^ 

(CW^b/c. WS^fr<!:ttte*g:^**4CC^-r. 

[0 03 2] 

[^3] 





(wt%) 




(wt%) 


(wt%) 


1 


C5%) 


55 


C4%) 


(0.5%) 


2 


(5%) 


55 


(4%) 


(3.0%) 


3 


(5%) 


55 


i®6S®E7>*-^i 
(45^) 


(0.5%) 


4 


(5%) 


55 


ieiSS»7>tZ')i 
(4%) 


(3, 0%) 


5 


(5%) 


55 


i@fiftg?7>i-':'A 
C4%) 


(0.2%) 


6 


C5%) 


55 


(4%) 


(0,5%) 


7 


fc3-AF7)l';t 
(5%) 


55 


i§Sa®?7>t-H 
(4 5^) 


(3.0%) 



[0 03 3 ] 



[«4] 



15 



(9) 
^ 4 
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rr -ft 
(±77 

f ft* i s 


mm. 


Z- -ft 




k 1 ESt 

\ A yi J 


mm. 

\ AX 7T / 




1 


5 


200 


50 


50 


1963 


4.3 


457:1 


2 


5 


200 


50 


50 


1451 


0.2 


7255 


3 


5 


200 


50 


50 


1090 


1.75 


623 


4 


5 


200 


50 


50 


1128 


10. 35 


109 


5 


5 


200 


50 


50 


1768 


12.3 


144 


S 


5 


200 


50 


50 


613 


17.7 


34.6 


7 


5 


200 


50 


50 


341 


4. 75 


71.8 



[ 0 0 3 4 ] «4»> mimommm&^m^, -encc * 



■5 A) <t^2« (^.Kfbigj) ©paces 0 : i&.±<Dm^ 



20 ^Vb 3 <b 4 <Dlttt?r« 5 (C^T^T, y^^'J-^ffllv Ro 
d e 12 8' J^v K (7^5'^;*T^)1(DJ^*-T-i'CC* 
^Rod e IttJcDA^) ^ffifflUr, 1 2 0 0 0 A 

[0 03 5] 

S 5 



[0 03 6 ] 

















(wt%) 








(wl%) 


1 






55 
















( 4 %) 




CO. 5%) 


2 






55 










(5%) 






( 4 %) 




(3. 0%) 






















^ 6 


























mm 






(psi) 




Crpn) 


(rpn) 




1 5 


200 


50 


50 


1090 


259 


4:1 


2 5 


200 


50 


50 


1128 


598 


2:1 



[0 037]a6«, TJU5-'?A>Pt^{biB)Cr)jlJRtt* 



C^{Bi3M!Ri4t». -flSCC. ^l®i|g2;i©Pa-C 1 0 : 
W*L<«. |&l®<tl32/l©r^T'5 : l*?S©^*3i 
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[0 038 ] sfgfflx^ >; ~a:>^<Dmwm<Dmamts:5L 

iHllKT^-f ^ i'^S ( R D E ) i^g©-fe yhT-:; 
Jl'Oif'CCiEgbfco 5 0 0 rpm (Drnm^tltcM^t 1 2 

<D?§)ga]g?rffliJ^Lfc. 1 OmV/#®»?iaa<!:+»iBi 30 
{CU/-C. 

[0 039 ] 'J-*^6ff6n/ciS*?:02 taste 
PeXli(D^tC> rJl'5-'5A«7. 2X10-' 
A/an' ( 1 7 2 8 A/^) ©3iS-C^«-r€., CCr* 
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>^tmm) , fiP^*<3l xior'A/cm' X{i2. 4 A/ 

[0040] ±m<Dj: ^(c. >; -comit 

nsci*j-c*So *^Bj©w^ffix5y-«, 
^ej{t'>-'f^©W^iiS*ii«{c(Si«LXti«iML. c 
©/cesf>^s«:eK:)iftL/riSi=.jii;?14?:fe/ce-rc i*i^5- 

«©«SlHl8SSJI5-Ci£ffl3nS^©ffe©»M«i|sf, SO' 

[004 1 ] 2f:^BJ«. :$BSrCT^OSi?«U/c«FS©SI 
ffl*^ 6jSiJK-r -5 C i ?c < a <r ©^M^KHA^* 0 ff C 

mi: me vmm l tc^ ^ fj:mm<Dm^ i ik<D^mm 
^©m^^L^aiJSfc^ ? n-5. $ig©Mt^0-c* -5 . 

[02] T}l^S.:^'^A-m<OX^-:f<DW^'Ptm&ik 
©. Xmomm (A/cm' > <tY#©^{4 (*fJUh) © 

[S3] ^ffi©ff^AicfiBfL/cf^©. Xfi6©B#ra©MI5[ 
iLriij^U/cY#©^Ali{4 (^';Uh) ©^{b©{«lr 



[^2] 




-1.600 — 



-2X»0 - 



-7 



— I ' I I I I ml I ■ t iml I I I mil I 



-S -4 -3 

1 /E« (A/en») 



-2 



-1 



Cll) 



^mW- 1 0 -44 047 




m3] 



-a950i- 



-t.150 



-1^ 



-1.330 



-20.0 20-0 BO.O 100,0 140.0 T 80.0 220.0 260.0 300.0 34O.0 



r y »; ^^^m. -{ v y 60134. 

T^^^ 721 

(72)#feqa# Uh'^- +Xh7- (72)^BJ^ 

r > :^^*ffl. >f y ^ 60175. -fe> 

42*^? XX h 597 



r /7^ffeH. y 60504. rt- 

a^. h 3235 

T>y:^^*S. 60504. 
p^. :/;l/-7-h> n-h 3236 



